Abstract-This paper analyses the well known web services representations based on web services descriptions and more generally on the content of WSDL files to evaluate their interest for discovery, clustering and recommendation tasks. Unfortunately, this analysis shows that these representations are very basic and do not lead to good results. Therefore, we introduce a new representation called symbolic reputation which is computed from relationships between web services. Different implementation issues are discussed and the results considering real world web services are analysed to determine the usefulness of the introduced representations for web services discovery, clustering and recommendation.
I. INTRODUCTION
Web services are multilingual and cross-domain, and use a natural language for their descriptions (ambiguity of sentences). In this context, the representation of web service becomes a major challenge, which motivated us to study the most known classes of web services representations and to compare them considering the following three important tasks: discovery, clustering and recommendation.
II. WEB SERVICES REPRESENTATIONS
We have considered the following representations :
• Baseline representation (B) : A web service can be described by a textual description extracted from WSDL document or given by his provider when publishing in the UDDI. The current UDDI registry only allows to search web services by their textual description. We consider this representation as the baseline representation for a web service. Let us remark that the major disadvantage of this representation is that most web services have a poor or an empty description.
• Functions descriptions integration (BFD) : The goal of this representation is to enrich the baseline representation of a service by adding the name and the textual description of all its operations. We apply a specific textual processing to produce the resulted representation. Let us remark that such descriptions may be dirty and generally have different sizes. We need more cleaning process to improve such representation.
• WSDL types integration (WBFD) : To complete the BFD representation, we added all information described by WSDL types. These types are used by messages to transmit informations between web services. Consequently, WSDL types are good features to describe the functionality of a service and are the most informative element in WSDL document. For this reason, we extract all type names (elements, complex types, simple types, attributes, enumerations) from the database and we apply the textual processing to produce a set of words. Thus, we use the obtained set of words to construct the new representation (WBFD).
• Rules based text tagging of WS descriptions (RBFD) :
The approach consists in defining of extraction rules to identify, extract and annotate relevant multi-word terms from web service descriptions. The processing steps (tokenization, Part-Of-Speech tagging, extraction and output generation) of information extraction have been implemented as modules using the LinguaStream platform 1 . LinguaStream [1] is an integrated experimentation environment targeted to researchers in natural language processing. Let us note that we used TreeTagger 2 for the Part-Of-Speech tagging step. The extracted information is given in a form of XML file.
III. SYMBOLIC REPUTATION MODEL

A. Web services dependency graph
Web services dependency graph is used to represent the structure of the web services space, i.e. web services relationships, by generating a network depending on the I/O of each web service. This induced network is then used for web service composition [2] . The general approach consists of searching first for web services operations dependencies using the I/O parameters of their operations, then the web services dependency graph is induced. For seek of simplicity, we consider here that a dependency occurs between two services when they offer at least two dependent operations: a service requires (resp. provides) data from (resp. to) another service. Of course, other dependency definitions can be used without affecting our general symbolic reputation computing approach.
B. Random walks models for reputation computing
A random walk is a sequence of nodes in a graph constructed by the following process: select a random starting node in the graph, then move to select a neighbour of this node at random and so forth. The random walk analysis have been applied to different fields as a fundamental model for random processes in time . More particularly, a formal model was proposed in [3] to allow the computation of the reputation of a web page using the web hyperlink structure. We have adapted this model to compute the symbolic reputation of web services.
We consider the dependency graph constructed in Section III-A. The probability of visiting a service s for topic t at step n of the walk, denoted R n (s, t), is defined as follows:
The previous probability is the basis of the algorithm that computes the symbolic reputation. In fact, suppose that with the probability d the random walker jumps into a service uniformly chosen at random from the set of services that contains the term t. In this context, the probability that a random walker visits a service s in a random jump is d Nt (N t denotes the total number of services on the UDDI that contains the term t) if the vectorial representation of service s contains the term t and zero otherwise. The probability that the walker visits the service s at step n after visiting one among its parent service ss is
n−1 (q, t) where R n−1 (q, t) denotes the probability that the walker visits the service ss for topic t at step n − 1 and O(s) denotes the number of services that require data from s (parents of s in the dependency graph).
IV. EXPERIMENTAL RESULTS
We have considered different web service sources like WebservicesX.net 3 , xMethods.net 4 and seekda.com 5 . Our general Meta-UDDI architecture allows to use of different UDDI which are used through specific wrappers. We have collected around 8,500 services. Unfortunately, these services are not classified into categories. This is a real problem when we want to evaluate the usefulness of our representations using precision and recall measures. For this reason, we have considered a new web services source, i.e. service-finder.eu 6 , which classifies its services using an ontology. The number of services which are classified into a category by service-finder is only reduced to only 1,647 web services. However, 465 services among them are not available: they are discarded. Moreover, the collected web services are multi-languages. We have automated the recognition of the language and keep only those using English language. Finally, only 993 web services are used. See Table  I for details the results obtained using each representations and different categories of web services. Lessons learned are : (1) B is efficient for Web services discovery, but it is time consuming and is not applied to services with empty description and finally, it is also time consuming.The representation BFD, RBDF, and WBFD are also efficient as they may represent a large set of web services without decreasing the efficiency of the discovery, i.e. precision and recall. Finally, The SR representation is more useful for recommendation of web services and we note a significant improvement of the cost for all representation when we use cluster web services before discovery and/or recommendation.
V. CONCLUSION
This paper revisits the traditional representations of web services using their textual descriptions and/or the elements of the WSDL structure as types, attributes, etc. We have proposed two new web services representations. The first one is based on semantic tagging of web services descriptions to keep only the most significant parts. Whereas, the second representation, i.e., symbolic reputation, is more contextual as it considers not only the service itself, but its neighbours.
